C. PHARYNGEAL CONSTRICTIONS J. Lindqvist and J. Sundberg Our knowledge of the pharynx shape during vowel production i s r a t h e r limited and based on different methods of investigation. Anthony ( 1964) used a caliper in o r d e r to n e a s u r e the left-to -right distances.
F a n t (1964) h a s published three tomograms of the pharyngeal c r o s s -section shape. Ladcfoged e t a1 (1971) have recently made c a s t s of the e n t i r e vocal t r a c t including the pharynx. TJsing ultrasound Minifie e t a1 (1970) have observed a point on the l a t e r a l side wall in the pharynx and m e a s u r e d its left-to-right movements during speech.
More complete knowledge about the pharynx cavity i s s t i l l r e q u i r e d for the purpose of deriving a r e a functions f r o m l a t e r a l X -r a y pictures. This paper p r e s e n t s a n attempt to explore the informative power of fiber scope photos showing c r o s s -s e c t i o n s in the pharynx. The m e a s u r e s that can be ext r a c t e d f r o m such photos will be compared with data obtained by other methods.
I

Method
The fiber scope i s a combined e m i t t e r and r e c e i v e r of light. The light i s emitted and receivcd through two concentric fiber bundles. The light intensity d e c r e a s e s with the inverse of the squared distance between the fiber scope tip and the object observed. Contours a t cqual distance f r o m the tip a r e equally exposcd on the fiim provided negligible influence fro111 differences in the reflexion p r o p e r t i e s of various p a r t s of the object.
The fiber scope tube ($ = . 5 c m ) was inserted through the nose and velar opening or' a m a l e subject. Observations w e r e made a t two l e v e l s in the pharynx when the subjcct phonn tcd some sustained and isolated vowels [u, 0, , a . Recordings were lnade with a cincfillll c a m c r a with a speed of 16
frarnes p e r sec. By turning the f i b e r scope tube slightly a t the n o s t r i l , its tip swang f r o m the l e f t to the r i g h t side in the pharynx cavity. In this way s e r i e s of p i c t u r e s w e r e obtained of aujaccnt t i s s u e s with only s m a l l distortion of the p e r apcctive. Such p i c t u r e s can be mounted together providing c r o s s -sectional p a n o r a m a s of the pharynx.
Data
Typical r e s u l t s a r e given in Figs. 11-C -i -11-C-8. F o r the sake of facilitating the intorpretation tracings w e r e made of the p i c t u r e s with indications of some anntolnical details. Moreovcr, tracings of l a t e r a l X -r a y pictures previously taken of the s a m e subject a r e shown. Such p i c t u r e s were available for a l l vowels except [a!. The location of the fiber scope tip was estimated by comparing the X -r a y p i c t u r e s with the photos using the information ~r o v i d e d
by the view of vision of the optics. As can be seen f r o m the position g f the epiglottis in F i g s . 1 1 4 -3 and 11-C-7 the s u b j e c t ' s articulation of [a] was not exactly the s a m e when the X -r a y and fiber scope photos w e r e taken. P r o bably his larynx was lower in the fiber scope experiment. It should a l s o be noted that the contours shown in the s e t of phdtos 2 r e not n e c e s s a r i l y located a t the same vertical level in the pharynx even if they were taken with the f i b e r scope in the same position.
In commenting on the pictures the t e r m sagittal distance will be used for the a n t e r i o r -p o s t e r i o r distance and l a t e r a l distance for the left-to-right distance.
In the photos taken a t level I (~i g s , efficiently than the tongue higher up in the pharynx. In those vowels the l a te r a l width of the constriction s e e m s to depend on the epiglottis.
Quantitative interpretation
Photos and p a n o r a m a s obtained by the method considered h e r e provide m e r e l y qualitative information. In o r d e r to a r r i v e a t quantitative information we need to know e i t h e r the location of the fiber scope tip a s well a s the location of the contour seen on the photo, -o r the distance between two details visible in the plane of i n t e r e s t on the photo such a s , for instance, two points giving the sagittal distance. In the c a s e s of [ u j , Lo], and [a ] the sagittal distance can be determined on the l a t e r a l X -r a y p i c t u r e s and the fiber scope tip location can be estimated by comparing the X -r a y p i c t u r e s and the fiber scope photos shown in Fig. 11 -C-I -11-G-3, 11-C-5 -11-C-7. Thus, by comparing the X -r a y p i c t u r e s and the photos a scale factor can be computed f o r the t r a c e d contour in e a c h single fiber scope picture.
The c a s e of [a:
offered c e r t a i n problems since the same larynx position w a s probably not used in the X -r a y and fiber scope experiments. k difference in larynx position in this vowel was found to have no influence on the sagittal distances in the regions of interest. This was evidenced by comparing l a t e r a l X -r a y s of the subject' s articulation of [ a ] in singing c h a r a ct e r i z e d by a low larynx position and in speech. Consequently it was a s s u m e d that only the position of the constriction differed between the X -r a y picture and the fiber scope photo, not the minimum sagittal distances.
I n ?the c a s e of the spoken and sung [ a ] no X -r a y p i c t u r e s were available.
The constriction can he a s s u m e d to have approximately the s a m e location a s in [ a ] . Therefore the same scale factor was used f o r these vowels.
Using the scale f a c t o r s estimations w e r e made of the actual l a t e r a l and sagittal distances and of the a r e a s shown in the fiber scope pictures. The sagittal distances were r n e a sured froin the p o s t e r i o r pharynx wall ( d i s r e g a r ding the tubercle s of the cervical v e r t e b r a c ) to the p o s t e r i o r -most p a r t of the tongue center o r epiglottis. In m e a s u r i n g the a r e a s f r o m the photos special c a r e was taken s o a s :o obtain a passage contour equally exposed on the film a s evidenced by the gray-scale. The values a r e listed in Table 11 -C-I. 
Vowel
Level of o b s e r v ation Sagittal and l a t e r a l distances
The relation between the sagittal and l a t e r a l distances i s illustrated in F i g . 11-C-9. An increase in the sagittal distance i s seen to be accompanied by an i n c r e a s e in the l a t e r a l distance a t level ? a s well a s a t level 2 . One single point constitutes a n exception: the [ a ] a t level 2 . Influence of e r r o r s , m a y account for this. On the other hand the constriction shapes f o r the vowe l s [ a ] and [ a ] a r e different and the r e a s o n f o r this will be discussed below.
The curves in Fig. 11 -C-9 a g r e e with the data given by Minifie e t al.
His m e a s u r e m e n t s w e r e made "with the ultrasonic t r a n s d u c e r placed on the l a t e r a l neck wall approximately 1 cm below the angle of the mandible': which would correspond roughly to the shapes r e c o r d e d with the fiber scope tip a t level 2 in our investigation. He m e a s u r e d displacements of the l a t e r a l pharynx wall of up to . 6 cm between [u] and [a] . This would correspond to a variation of the total l a t e r a l distance of up to 1 . 2 c m which should be comp a r e d with 1.7 c m obtained f r o m our m e a s u r e m e n t s ( s e e Table 11 -C-I).
Bearing in mind that Minifie' s values r e f e r to one single point on the l a t e r a l pharynx wall w h e r e a s our data r e f e r to various locations behind and below the epiglottis we m a y conclude that our data do not s e e m unrealistic. F a n t gives no absolute distances f o r h i s tornograms of a csoss-section in the pharynx of [ i ] , [u] , and [a 1, but the relations between the l a t e r a l and sagittal distances m a y be calculated and compared with our data. Thus, F a n t ' s values f o r [ a ] and [ u ] would be about 3 and 2 , respectively, whilst o u r v a l u e s obtained with the fiber scope tip a t level 1 would give 4.8 and 2 . 1 respectively. The apparent lack of a g r e e m e n t in the c a s e of [a] m a y be accounted for by differences in the points of observation.
The considerable vowel-dependent variations of the l a t e r a l distance in the pharynx r e q u i r e a m u s c u l a r interpretation. Such a n interpretation h a s been suggested by Minifie e t al: It i s the constrictor muscle that contracts in the production of vowels. A s f a r a s we can s e e the s a m e type of data would appear if the variations in the l a t e r a l distance w e r e caused entirely by the tongue movements packing the t i s s u e s of a passive constrictor muscle when the sagittal distance i s n a r r o w and stretching them when i t i s wider. The difference between [a ] and [ a ] a t level 2 would be e a s i e r to explain with a passive cons t r i c t o r : When the sagittal distance i s v e r y n a r r o w the epiglottis pushes the t i s s u e s aside and widens the l a t e r a l distance. Waiting for electromyographical evidence on this point i t might be s a f e r to content oneself by stating that the l a t e r a l pharynx walls move owing to a n a s yet unknown m u s c u l a r mechanism. C r o s s -s e c t i o n a l a r e a s
The a r e a values listed in Table II A S can be s e e n in the figure a given sagittal distance a p p e a r s to correspond to a l a r g e r a r e a value a t a higher level in the pharynx than a t a lower level.
This difference between various p a r t s of the pharynx can a l s o be inferred f r o m the differences in the relation between sagittal and l a t e r a l distances a s was illustrated in Fig. II -C -9.
Comparing our c u r v e s with Ladefoged' s we observe considerable differences. Ladefoged' s c u r v e s , lying v e r y close to his previous curve (1965),
give substantially higher values than our curves. One possible r e a s o n f o r the SAGITTAL DISTANCE (cm) Fig. 11-C-10 . Cross-sectional a r e a s in the pharynx a s a function of sagittal distance s. Dashed curves: Ladefoged' s data for the region above the epiglottis (upper dashed curve) and a t the middle of the epiglottis (lower dashed curve).
Chain-dashed curve: Sundberg* s data.
Heavy solid curves: e stimates based on fiber scope photos, Symbols with index 1 and 2 refer to level of observation nr 1 and 2, respectively.
